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IDENTIFICATION OF Artificial GAMMA-EMITI’ING NUCLIDES USING A

SCINTILtATOR-BASED GAMMA-RAY SPIKTRAL LOGGING SYSTEM

John G. Conriwriy
bs Alamos National IAciralory

J. G. Cormway, Idc’.,ifrcation O( artificial girmma-cmilting nuclidcz using a scintillrnor-birscd gamma-ray spectral logging
sys[cm; in Procccdirrg.. of (IIC 4th Irr[crnational MGIS/KIXX Symposium on 130rchrr!c (;crtphysic.. for Minerals,
Ccotcchnical and Groundwalcr Applications; Toronto, 18-22 August 19!!1.

A1’1S’1’KAfl

The standard spcc[ral gnmmir ray logging syshxn usrxl a[ [Iw NcviI&r Tcs( Si[c (NIX) contains a Iargc sodium
iodide rlc[cc(or which provides high efficiency bu[ low energy rcsolu[iurr. Tu cnhirncc [hc capabili[ics O( [his sys[cm [or
identifying artificial girmrna-cmit(ing nuclidcs, 1 dcvclopcd and implcmcn[cd a simple proccdurc for cxtrac[ing artificial
componcn[s (rem Iow-rcsulution gmnmn-ray spcc(rir. This proccdurc uscs lhrcc basis spectra, dcvclopcd hy a cmlsul[rrn[
using numcricd modeling, rcprcscnting (hc spcclral response 0( [hc downholc ins[rumcn[ to nnlurirlly occurring potirssium,
uranium and lhorium family gamma rays in a Iargc-diamclcr ilir-filled Iwrcholc.

‘i’o cxtrac[ (I1c artificial spectral comprrncn[s, [hc [hrcc basis spcdra tire first scaled 10 [hc rccordcd licld spcc[rum
using the usual spectral windows (or K, U and Th; these winrhvs hrackc[ the photopcaks irt 1.46, 1.7(} and 2.6 I McV.
Since most of the corrtrihu[ion from rrrtIficiid rruclidcs will fall I)CIOW1.26 McV ([k Iowcr limit O( the Pdilssiuiti widow)

[his scaling process should bc inscnsilivc Iu Ihc prcscncc 0( ar[iliciirl nuclidcs. I’hc scaled Ilasis spcclrir arc [hen suh(rnclcd
from [Ilc field Lliltil,Icaving a rmidmrl spcc[rum consisting ()( noise plus [hc con[rilm[ion of any arlificid gnlllllla-clllillillg
nuclirlcs. This pr~cks is rcpcirlcd for c.ach spcc(rum in”lhc lo~, or [hc Spcc[ra cm lx accumulalcrl over any desired dcp[h

rmq:c for ktlcr s[alistics. Ralhcr Ihan inspcc[ each spcc[rum vislmlly, a pmamclcr can lx compu[cd which indica[cs I!IC
prcscncc of artificial nuclirlcs; [his pirramc[cr cin~ lx plo[[cd nhnlg with IhC USU:I1K, U illld ‘1”11conccntra[ion cs[imir[cs as a

funcl ion of rlcplhm ‘I”llcsc lcchniqucs Imvc hccn used socccssfully on Iicld dnl:l illlll provide us Wilh fin incxpcnsivc scrccninl!

1A [0 dc[cct irrtificiirlnuclidcs irlon~ horcholcs,

lNTltoDU(XloN”

Al[hw.:gh rwlionuclidc rnigrrr[ion is nut (Imul!ht [O
IX u prohlcm al (IICNevada TCSL!ii[c (Nl?i), it has come
under incrcascd scru[iny as have all cnvirnnmcn[nl issues.
Rcccnlly, a lorrg-lcrm riludy of this suhjcc( wits hcgun
involving a special drilling program along with gcophyak’al
loggin~ geological and hydrological riludics, and other
work. Clearly, it would hc u.scful in such n study to hiwc a
h~~ing device lhal cnuld provhlc ● rcconnaissnncc sum of
[hc horchrrlc for artificial grmma-cmi[(ing nuclidcs.

(Ipcralinnal cmsirlcratiom msidc, Ihc inslrumrml
uf choice for resolving chnractcrtiic gamma ray cncrgics
mnd idcn[ifying the emitting nuclirlcs is a high. rcsolu[ion

gamma-ray ripcclral h~ing n~lcm Im.scd on a stiid-slnlc
dcfcd(w such m lli~h-puri[y ~crmrmium. SUrh dc[cv[tws
pr(widc high cllrr~y rcstdu[ i{nl nl Ilw cxpcnxc of low

clclcclion cfflcicncy, Icading [0 very low lt~~qrin~speeds.
l:urlhcr, these nrc cnstly systems 10 dcvclnp, run and
nminlain. f Iii:h rcsolu[ilm spcclrn[ lo[~ginl! syslcms arc
nVililid)lC ns a commcrcinl h)p~:ing scrvicc, hut Ihc cwst [If
running such a scrvicc routinely would I)c sul~s[nnliirl.

At IIIC NIX wc have a Iow-rcsolrr[itm spcc[rrd
gamma-ray h)p~ing sfitcm huill 10 our spcciflcnlions I)y
tnc principal Iopging conlrirct or there. This dcvicc
cmrl sins a Inrgc. sodium iodide dclcct or (2 ISO cm’ ~Jf
Nal~H)) which prwidcs hi~ll clctc~ion efficiency INN I(JW
cucrw resolution. Illc syxlcm produces a spectrum t)f 2.Y1
channcln which Ls Irnnsrni[tcd digitally up [hc wirclinc.
‘lIlc cmnmmrly used windows apprnach fnr idcrr[i(yin~
plassium am! grrrnma.cmiltirrg mmntrcrs of Ihc uranium
and thorium f:unilics is usml by Ibis conli :wllw 10 pl MX.W
Ihc dillw



To improve [hc rcs.uhs from our Scintilla[or bad TIIE IIN31S SPECHU
systcm, 1 dcvciopcd a simple proadurc for extracting the
artificial components of Iow-resolution gamma-rdy spcclra,
Thisprorxdure can be applied whcncvcr the prtxcncc of
artificial garama-emitting nuclidcs in borcholcs is known
or suspcctcd. The problcm d detecting the prcscrrcc of
artificial nuclidcs againsl natural background gamma
radiation has IJccn discussed previously by Bristow (1978),
Myrick et al (1983), Grasty and Multala (1991) and others.
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The kcy to the proccdurc used here tc cxtracl [IIC
artificial spcclral amponcnls from rccordcd field spectra
is a SC( of three bati spcclr~ one representing the ~K
spectrum and onc each representing Lhc cquilibriurn
natural uranium and thorium decay scrirx spcc4ra (F@urc
1). The basis sped a used in this study were dcvclopcd for
iIs by a consultant (SLCAcknowlcdgrncrrts) who performed
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FIRIIITI . The Ihrcc llitsis spx-lrrr Usu! in [his hllltly: (n) l’!{, p~}l:ikhiutli, (1}) I Irml !11;Inium, d (c) I ppnl 111{11illlll, (Ii)
“I”hesum t~f[he lllIrc idivitlud qnxlI a.
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numerical simulations of (hc spcctrid gamma-ray logging

systcrc used at (he NcvarJa Test Site under typical
borchole condition emmrntcred [here. The simulation
model has been dcscrilxd by Wilson (19X)) and Wilson
and Conaway (1991).

The model spcclra differ in certain minor ways
from recorded spectra from (!M logging systcm. Rccordcd
spectra suffer srrmcwhat from diffcrcrr[ial non-lirwarity
due to the successive-approx.imatioc analog-b-digital
eonvertcr used in the instrument. This was kept small hy
the usc of the 8 most signikant bits from a 12-bit
eonvcrtcr, but diffcrcnlial non.linearity e[fccts arc still
visible in the rceordcd spectra, Statistical umrrling no.kc
can be a problcm in [he rccordcd spectra when only small
Conccntra[ions of radioclcmcnts arc fourld in the
formations, as at ills Nevada Test Si[c. This hiIs been
ovcrcomc 10 some cxtc.nt hy the usc of an unusuirlly krrgc
detector for lmrcho!c applica[iorrs. The field logs were run
in a nominal 31 cm waler-filled Ixxcholc while lhc basis
spcclrir were dcvclopcr.1 assuming a 2.44 m rlinnw.[cl :lir-
fillcd Ix)rcholc. These hasi.. spectra should I* similar to
[hose which would lx observed in a 31 cm air-filled
horct.olc since (IIC attcnrmtion duc to air is small for
gamma-ray cncrgics of irrlcrrxl. The CffCC[ of dlC

l.mrcholc water should also lx relatively smidl, since the
borcholc sorrdc is snrnc 2) cm in diirmctcr and Ihc watcr-
fillrxj annulus is all avcril~c of 5 cm across. I$or this ini[i:il

SIUclY, 1 ncglcchxl (I1C cf[C41 ()( (IIC WiltCr 011 IIIC Shilpc or

lhc Iursis spcc[rir, nllhou[th for l)CSt rcsulls thC l)ilSiS

spectra should bc rccompulcd for ll~c appropriwlc
horcholc conditions.

!~rr~)rs ill [Ilc III(I(IL.Isll(:~’tril C(VillC I_Iolll SCviTid

sourms. In pnr[iculur, 10 rcdurc compuli ilion Iimc lhc
SilllUlillCd s(mrw J!illlllllil-lilyS were 11111111(’dinlo dS }:IOIII)S

I)wxxl on crwr}~y dislril)uii[m and inl(’nsily (Wilslm und
(:l)ll;lway, 1991). Ill Sonic C:lscs, scvcr:d mljncclll cncq;y
Iincs were ~~r[mpcd tt~[;c[hcr into a sinlllc ‘pc:lk-; C:IIc wil~
[ilk~il not [() smear mnjlw cnrr}l,y Iincs l~y [his ~youl~iq~,
prtm’w. As iill ilddi[ioniil proldum , (’Illlll)llliltillll m}isc

,.
sl.lCllas impcr [C(’[c(mvt.r~!cllcc irlld Slilt Is[lc:ll m~iw uif<.(is
the model qmrlra.

1!vcll wilh Ihc crlt}rs dcscrilxxl UINW’Cuud {][hcr
crrtws u[fcclin~ the spcclru, the fr[ Irctwccn Ihc rccordcd
nnd model fipeclra Wil!i filirly good. l’his fit WilS rcfim-d by
adjusting Ihc cncrpy resolution used in [hc model, hy
compensnlin:; [hc nmdcl Slwcll n for a sli~@ly mmlincnr
energy dqrcndcncc of Ihc rccl}l dcd spxfra, nml Ijy
rrdjusliq+ onc 0[ Ihc 44 cncrfiy p.roups l{) impr(wc Ihc fil
over onc Kmallcncrpy rc~itm nftcr cnrcful mmlp:lris~m wil h

field q~cclra. “ll\c fhurl rcsull wrw n s-l of Imsis spcch d
Ihnl prtwcd 10 Ire quilt ndcqmrlc for the rcqllircmcnlri {lf
[his study, nllhtm~h slmlc rddilimud intpf:wcmcnl nl hlwcr
cnt.1~irs w{mld Irc useful.

TIIE RESIDUAL SPECTRUM

The approach used in this study is to sulxraet out

the umtributions of the naturally occurring radioclcmcn[s
from the rccordcd gamma-ray spectrum, Icaving the
cnntrihutions from arlificird mrclidcs plus noise. This is
fairly st~aighlfonvarrl assuming the artificial eomponcnt of
the spectrum above 1.X McV is negligible, since the
windows which wc usc [o idcn(ify potassium (1.46 McV),
uranium (the 1.76 McV Iinc of 214Di from the ~U decay
snrics) and thorium (the 2.61 McV Iinc of ~Tl from the
ZWfi d~y scriu) all fall ahovc 1.25 McV. This
assumption proved to lx valid for [hc data used in this
study.

This is the proecrlurc:

1. RciId in a single spectrum or accumula[c iI spcctl um
over a spccificrl ticplh intcrvid.

2. Ascertain tlw posilion of tlw 2.61 McV [horium prxk (1)
dc[crminc lhc syslcm gain for that particular spcc[rurn.

3. Rc-chmmcli?z the spcc[rum so thirl offscl is 7crn imd

gain is 10 kcV pcr ch:mncl, so the gain and offset rrf the
ticlrl spcc[rum corrcsporul to the basis spcc[ra.

4. l)clcrminc lhc rclalivc contriln.rtions of [Iillllllld rily!+

from polassium Kind from lhc uranium and thorium
(irmilics 10 Ihc spectrum III CWCIIdcplh point d’ Ihc 11}1!.
This was accmnplishcd using lhc common cncq~y window
[cx+niquc with spcc! rill slripping.

S, SL’;IICthC lhrcc Chill’ilL4CriSliC l)ilSiS spxlrir I)y IIN

rildi(rClcMClll {.ollcclllr:lli[llls dctcrmimxl in slcp 4.

h. Sul}lr:w[ lhc srdcd Imsis spcctru from the rccxmlrd
spcclrum to prx)ducc the rrXidUill spectrum.

“I”hisis rCJICillCd [11 Cucll d(’p[h or ft}r c:lch dcsircr,l dclllh
Iilll~!~. ‘I”hc rcsultin~ rdsidmd spdrum irl t?ilCll (1(’1!111is

tx)mp)scd of my rlrlitk’iill spcctrtd components plus m~isc,
‘1’hc I,oist rmnsisls 0[ slnt isl icnl tluct Un[i(msl inslrumcnl :11
lmisc, rrml di[tcrcnccs hclwccn Ihc shnpcs of Ihc lhrrr
chnrnclcris[ic spcclrir USC(! Jlld IIIC llCIUill SllillWS ()( Illosl”

qrccl rn which shoIIld hiIvc lxcI\ u,sed M [hey IWCII
known. The.se ch:tractcrislic slwctrul shalws will Villy

s(mtcwhnt with n numlrcr ttf f:wttws such ns l~m’h(dc
cnsinp~ dinmclcr of a Iiqui&fillcd Imrch[dc, nousl:lmlnrd
}:mmlcll y (C.R. n luycr ilf ruditmclive M;llcriill (m I III”

lHncll(dc w:lll from Ihc drillin~ flUiil (Jr z~~l{n \!:ls
in~lllrnti(m), nml will Uhu) vnry wilh disl:llwc Ill(ill}: Ihr

lxmch{~lc AWily frxml a givcll ?.{)nc c~f nnturnlly rUdi[)ilrliVC
rock (c,~. ( }qdmk, I’M1, IIH$); ( ‘ounwuy, t~)~);Wil.um
tilltl ( ‘oltilwily, I(FJI).



THE ARTIFICIALNUCLIDE PAKAMIiTER

The residual srmclrum dcseribcd ahovc

.

Cal be
(urthcr processed to obtain an artificial nuclidc paramc[cr

(ANP) which can be ploltcd as a funclion of depth. I tried
scverid paramclcrs without any a[[crnp[ at formal
ophnizatio~ and found that the following parameter
worked well for our application:

ANP =
R,- - R1[

(1)
s,,

where RL is the countratc in a window at the Iowcr energy
cnd of the miduuf spectrum (from 0.4 [o 1.(I McV), Rll is
the ccmntratc in a window a[ the higher energy cnd of the
residmd spcc[rum (from 1.26 10 3.0 McV) and S1I is lhc
countra[c in a window at thc higlwr energy cnd of [hc Jicld

spectrum (from 1.26 [o 3.() McV), (),4 McV wm used as
lhc Iowcr summirlimr Iimil for (I1c lmwr energy wind[~w
bccausc the drpart urc of lhc m(xlrl spccl rir from ficlcl
spectra incrcascs at Iowcr cncrgics. Nl)[c [Iliit IIIC ANP is
a relative imticalor; lhc allsolulc VillUCSllilVC no useful
mcmring,

A Flltl.1) TEST

Thc proccdr.rrcs dcscrilxxl iil)ovC were Ics[rxl (m
data from n Imrchnlc for Which a S[)CClrill~z:~mma-r:lyh}~~
showed Iwo amm];llics in [Iw l(ll;ll amnls window which
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wcre not seen in the ptassium, uranium or thorium
windows (F~rc 2). lJnder favorable amditions, artificial
nuclides may be locat~ as they were in this ease, by
scanning the log for anomalies in (IM total eoun[s curve
which arc not reflected in the rxlioclcrnent curves.
However, such a pattern might not stand out on a log in a
borcholc with a more complicated natural radioclcmcnt
distribution. A plot of the ANP dcfincxl in Equation 1, or
some other pa.ramctcr of that type, gives a much better
signal of the prcscnw of artificial nuclidcs (F@re 3).
Here, the anomalous ~ mcs stand out unambiguously from
a nearly flat background.

A typical spectrum accumulated over a dcp[h
range from 2180 to Z21O fmt (G64.5 -673.6 m), is shown in
Pigurc 4a (note the logarithmic aunt rate axis.) This
spcelrum includes a number of idcntifrahlc photopcaks
along with some instrumental and statistical noise. TIIC
three basis spectra arc scaled and surnmcd to provide ihc
best fit to [hc field spectrum fol cncrgics over 1 McV,
shown along with the txmstitucn[ (I?igurc 41)). l~igurc 4C
shows the fit between field ~nd model da[n, wi[h Ihc
computer gcncratcd speclrum shown by [hc dottcrl curve.
The wmpositc spcetrum is then sub[ractcd from [hc field
s~.c[rum to produce tbc residual spcc[rum, m shown in
l:igurc 4d (note the Iincar sealc). Clearly, anylhing Icfl i:l
the rcsidwd sfrcctrum is cilhcr the Conlrilnllion of tiII

artificial nuclidc or (by defmi[ion) misc. in I:igurc 4d, Ihc
residual spectrum ;p-parcn(ly consists cn(ircly of
some sources of noise were discussed above.
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A second aczumulatcd field spcclrum is shown in
Figure 5& this onc accumulatcrl from 22U 102230 feel
(678.2 -679.7 m). The three basis spectra arc again scaled
and summed to provide the best fit to the field spcdrum
for energies over 1 MeV (figure 5b and SC). Even by cyc
wc carI scc a dis[in~ diffcrcncc bc[wccn these spectra at
[hc Iowcr cncrgics. The composilc sl)cctrum is lhcn
subtrac!cd from [hc field spectrum to produce the residual
spectrum shown in F@ure 5d. This time the rcsiduzd
spectrum clearly shows an artificial componcnl, largely
137CS(9.661 McV).

Another cx.ample of [hc effccl of artificial nucJidcs
is seen in [IICfield da[a accumulated from 2156 to 2164 ft
(657.1 -659.6 m) shown in Figure 6. Again, (IICprcscncc
of 137Ck i.. obvious af[cr [hc nillural spectral components
have been removed (Figure (id), at somewhat Iowcr
intcnsi[y [Iron in tk prcviws cumplc.
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TIIE POTENTIAL FOR

If quantitative

QUANTITATIW. RESUL’IX

cstima[cs of artificial gamnlJ-
Cm ‘!,tingnuc~dc~n~n[rations arc (0 bC rna~c l~fisc~ 01) fl

spcdral gamma-ray log some a..sumplion must bc mndc
regarding the distribution of radioric[ivc material. In lhc
case of naturid spectral gamma ray logging the assumption
is generally made that the naturally occurring
radbclements arc uniformly distributed in Iaycrs of
arbitrary thickness, and that the concentration may vtiry
from layer to Iaycr. If that assumption hold.., then w-A
estimates may bc made of the conccntra[ions (SCC, e.g.,
Scdl, 1963; Czubc~ 1961, 1971; ~onaway ct al, 1980). 1[1
the case of artificial nuclirlcs the smnc is true if [hc
nuclidcs arc uniformly distributcrl in Iaycrs. 1lowcvcr, i[
can bc visuakd that artificial nuclidcs moy bc prcscn[ ;I$
a surface dislrilm[ion on the bnrcholc wall as a fcw
discrctc sources, distributed in (IIC borcholc fluid, or ill
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Flgult 4- (a) A field spectrum wcragcd over the tlcp[hrange of WW5 m to 673.6 m, (II) ‘1’hc corrcspmding scaled

cnmposi[c model spectrum (solid line) mndc Up from [he K, U and Th basis qmctra (dxshcd Iincs), (c) “~hclit hctwccn[IIC
field spectrum(a) ml [hc model spectrum(1)). (d) The rc.sidunlqwxtrurn, wmpulcd by srrblrncting the mOdcl qxclrum

(h) from Ihc field spcclrum (n), In Ibis Cnsct no nrliliciol spectra! componcnl is npparcnl.
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some o[hcr gcornctry. With some of ttrcse gcomctiics it
should bc possil h to develop proccdurrx for extracting
quan[itatim cs[imates of radioclcmcnl conccnlrations, but
the problcm is no( as s[raigh[fommrd as the laycrcd-
gcology situation. An example of the additional
rmmplcxitics found in such situations was given by Wilson
and Crmaway (1991), where the problcm of potassium-
Ioadcd mudcakc was examined using eompu[cr modeling.

Under favorable conditions il should bc possible
[o gain some idea of the dis[ribu[ion O( the radioac[ivc
matcriid, although probably not [hc actual quantity, biiscd

on the shzrpe of (hc rcsiduid spectrum since, for instance,
[hc spcc[rum resulting from a surface source is harder (i.e.
contains fewer scat[crcd gamma rays) than the spcc[rum

born a source dis[ribu[cd lhrough [hc rock. Dcvclopirrg

such an approach is thcrrrc(ical]y possildc if (Iw rmisc Icvcl

of the data is low enough. In lhk sludy of 137(1 in a
Imrcholc a( the NTS, no effort was rnudc to o~(ain

quanliln[ivc rcsuhs,

I)lSCUSSI(.)N AND CONCLUSIONS”

137(3 i5 a conlmon C()[ls[ilucll[ of ,Ilan.nladc

radioactive con[aminatimr but, since the (M61 McV
pho[opcak of IWS overlaps two major na[ural photopcirks
(f).@9 McV from the U series and 0.581 McV from (I1c‘l%
series), it mzryno[ bc easy 10 look a[ a firdd spcclrum, such
as [hc orms shown in Figures 4iI, 5:1 aml (is, and tell if
contamination is prcscn( unless the conlribll[im of the

zrlificid cornponcnl is overpowering. SUIXrilc(ing ckmncl
hy channel an appropri~[c computer-gcncrnlcd spcc[rum

rcprcsczl[in}; t!Ic ccm[ril)u[ions of K, U illld Th gr~[ly
cnhwrccs our al)ilily (0 idcnlify irr[iflciid nuclidcs.

Although [IIC mc[hml given in [his Pilpcr fur
idcrrtifyirrg ganlma-cn~i[[in[: contaminants nliiy no[ be [hc
equal of using a hi[!h-rcsolu[ ion spcc[rid girrnmir-ray
Irrp@ng systcm based on u solid s[ :l[c rlc[cc[or, it
nonclhclcss prrwidcs ~11 cfficicn[ on-silt Cilflill)ilily for
rcconnaiwnrrcc. Using our existing spcclral grmmir ray
lo~~ing syslcm along wi(ll tllc &I[ir processing prwcdurc
prcscntcd alxwc as a. rccunnaissanrc scan for artificial
nuclidcs rcprcscn[s a substantial cost savings compared
wilh using a cummcrciirl high-rcsolu[ion spcclral logging
Scrvicc.
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